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SIXTH  QUARTERLY  PROGRESS  REPOLT 


on 

THE  TRANS-DR lATIOn  OF  AUSTENITE  UliDER  EXTERNALLY  APPLIED  TENSILE  STPiSG 

This  report  constitutes  a suaaary  of  work  done  on  the  isotheraml 
transfoncattoa  of  austenite  to  low  toaoeraturo  oainlte  (at  450^F)  in 
AISI  1085  steel. 

Studies  ‘rere  made  under  no  stress  and  an  average  of  60,000  psl 
only,  because  a detailed  study  of  the  effect  of  various  diffei*ent 
magnitudes  of  stresses  on  transfonnatlcn  had  already  been  made  on  low 
temperature  bainite  of  this  steel  and  :md  been  previously  reported. 

The  main  purpose  of  this  study  is  to  investigate  the  change  in  the 
micro  structure  of  bainite  as  revealed  by  electron  piiotomicrographs  and 
electron  diffraction  patterns.  These  results  will  be  reported  In  the 
next  quarterly  report. 

Ebcperlmontal  procedure  for  these  experiments  are  similar  to  those 
reported  previously. (l)  (2) 

Experimental  Resultai 

The  amount  of  bainite  formed  due  bo  isothermal  transformation  is 
plotted  Ts.  log-time  under  no  stress  and  an  everags  stress  of  60,000 
psi  and  is  shown  In  Fig.  1. 


(1)  Third  Quarterly  Progress  Report,  February  17,  1953. 

(2)  Foiudih  Quarterly  Progress  Report,  April  30,  1953. 


In  Fig.  2 i.i  plotted  the  logg  (l-x)  vs.  time  (t)  for  no  stress  and 
a 60,000  psi  struss,  where  x is  the  fractional  amoxint  of  bainite  formed 
in  time  _t. 

In  Table  I is  given  the  stress  applied,  isothermal  holding  times 
and  other  relevant  inforaati.ons  regarding  the  transformation  of  AISI  1085 
steel  at  450®F, 

Using  the  data  of  previous  experiments,  the  effect  of  an  average 
stress  of  60,000  psi  in  shifting  the  no-stress  T-T-T  curve  of  AISI  1085 
steel  in  the  lower  bainite  transformation  range  is  constructed  and  is 
shown  in  Fig.  3. 

Discussion  of  Results: 

It  is  quite  evident  from  Fig.  1 that  hinder  a stress  of  about  60,000 
psi  both  the  beginning  and  ending  times  of  transformation  are  shortened 
and  these  result?  are  given  in  Table  II. 

It  can  be  observed  from  Fig,  2 tliat  the  rate  of  decomposition  of 

residual  austenite  V--^  • — ( increases  up  to  a certain  value  and  then 

( l-x  dt) 

becemes  fairly  cjnstant-  The  constant  rate  of  decomposition  of  residual 
austenite  is  fouid  to  be  virtually  unaffected  by  an  applied  stress  of 
60,000  psi.  Though  the  constant  rate  of  decomposition  of  residual 
austenite  is  not  affected  by  a stress  of  60,000  psi,  the  constant  rate 
is  attained  at  a much  earlier  stage  of  transformation  in  the  case  of 
transformation  uuder  stress  in  compai'ison  to  transfomation  under  no 
stress.  In  the  cases  of  transformations  under  no  stress,  and  a stress 
of  60,000  psi  the  constant  rates  are  attained  wlion  48‘p  and  28>’»,  respec- 
tively, of  austenite  liave  decomposed. 


Tile  be^inn.ng  (l%)  ani  endinji  (99o)  curves  o£  isotherr/il 
tninrforaa  tlon  •'.n  the  lower  bninlte  ran^jc  as  affected  by  a stress 
of  about  60,000  pai  are  sUi.?~lja.icsed  on  those  under  no  stress  and 
are  shown  In  Kli;.  3.  The  fi-;ure  indicates  t;ie  lart^e  effect  of  stress 
in  shifting  the  lower  bainlte  region  of  the  T-T-T  c-;irve3  to  the  loft, 
l.e.,  for  shorter  isothermal  transformation  times.  Also  it  indicates 
the  possibility  of  obtaining  9956  transformation  product  under  a stress 
of  about  60,000  psi  in  the  upper  balnite  range  of  750^-850®?  in  e period 
of  time  sufficltnt  to  produce  only  li  trans formation  product  under  no  stress, 

Motallographic  examination  of  the  microstructurer-  of  the  specLmans 
shows  that  the  structures  formed  at  this  low  temperature  bainite  range 
e.re  very  fine  and  acicular.  Tiie  effoct  of  stress  Is  re-»^ealed  in  the 
structure  as  a celinite  preferred  orientation  effect  in  the  bainite  nesdlee. 
This  is  shovn  In  f’ig.  4« 

In  Fig.  5 3 s shown  a comjiarativ^;  study  of  micros tructures  of  AISI 
10S5  Steel  tran:  formed  ioothcrmally  to  partially  bainit  Ic  structui'cs  at 
4tO^F,  535°F  anc  ''.r-O^F,  both  'under  no  r.trose  and  a 3tr:n=s  of  60,000  psi 
stress.  This  scries  of  micros true turec  indicate  the  Increase  in  the 
aciculsrity  end  fineness  of  the  pTructurp  with  iowering  of  bf;lnite  lormtiticn 
temparaturo.  Also  tnese  p.-ootomicrographs  clearly  show  t;ie  preferred 
orientation  in  Iho  bainite  stnicturo  as  induced  by  applied  stress. 

Future  Vorki 

Furtensive  work  is  now  well  ardor  v'vy  on  all  the  t'lrea  steels 
investigated  so  far,  l.e.,  AISI  1085,  4340  and  1045,  as  regards  to  a 
alcrostructure  investigation  under  the  electron  microscope.  In  the  next 


report  the  resulte  of  this  Investigation  will  be  reported 


George  L.  Eehl 


Project  Director 
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FIG.  I AISl  1085  STEEL.  ISOTHERMALLY  TRANSFORMED  AT  450 
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FIG.  2 RELATIONSHIP  SHOWING  THE  VARIATION  IN  THE  RATE  OF  | 

DECOMPOSITION  OF  RESIDUAL  AUSTENITE  WITH  APPLIED  STRESS  ! 

IN  AISI  1085  STEEL,  ISOTHERMALLY  TRANSFORMED  AT  450*  F 
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DIAGRAM  OF  AISI  1085  STEEL  AS  AFFECTED  BY  APPUED  STRESS 
IN  THE  REGION  OF  LOWER  BAINITE 


